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Tuhuloglomerular feedback in animals with unilateral, partial ureteral
occlusion. Previous experiments have shown that the sensitivity of the
tubuloglomerular feedback system (TGF) is reduced by volume expan-
sion in normal rats. This reduction in sensitivity is probably mediated
by changes in the renal interstitial pressure. The present study was
designed to investigate the TGF control system during volume expan-
sion in rats with chronic, partial ureteral occlusion—hydronephrosis.
Hydronephrosis was induced on the left or right side according to the
method described by Ulm and Miller, in weanling Sprague-Dawley rats
three weeks old. Three to six weeks later the rats were prepared for
whole kidney and micropuncture experiments. Sham—operated animals
were used as controls. Net interstitial pressure (that is, interstitial
hydrostatic pressure minus interstitial oncotic pressure) was higher in
the hydronephrotic, volume expanded animals than in the volume
expanded controls. From findings in earlier investigations this increase
in interstitial pressure would have been expected to reduce TGF
sensitivity but this sensitivity was increased in the hydronephrotic
kidneys, as indicated by a reduction in the turning point, the tubular
flow rate at which 50% of the maximal stop—flow pressure response was
observed (14.4 nl/min, sham-operated control 33.4 nI/mm). Strong
activity of the TGF mechanism was also indicated by a large
proximal_distal difference in the single—nephron glomerular filtration
rate (11.9 nI/mm versus 3.3 nI/mm in sham-operated controls) in the
hydronephrotic kidney during volume expansion. Thus, in hydrone-
phrotic kidneys in the latter condition the TGF mechanism was highly
sensitive and activated to reduce the glomerular filtration rate. This
mechanism may protect the diseased kidney from high intrapelvic
pressures which otherwise could damage the kidney during saline
volume expansion.
Far less is known about the pathophysiology of partial
ureteral occlusion than about that of complete obstruction.
Complete ureteral occlusion results in major changes in renal
function [1, 2]. During such occlusion resetting of the tubulo-
glomerular feedback (TGF) mechanism takes place [3, 4], and at
least in the acute phase this resetting may be mediated by
changes in renal interstitial pressure [3, 5]. Some studies have
indicated that acute or chronic partial occlusion is associated
with alterations in glomerular dynamics [6—9]. As far as we
know no investigation of the function of the juxtaglomerular
apparatus in rats with partial ureteral occlusion has been
performed previously. In the present study the TGF control
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mechanism and other renal functions were investigated by
clearance analyses, renal interstitial—pressure measurements
and micropuncture techniques in kidneys with partial ureteral
occlusion and in contralateral kidneys and in sham—operated
control rats. Measurements were performed both during
hydropenia and after expansion of extracellular fluid (5% of
body weight).
Methods
General preparations
Partial ureteral obstruction was produced according to the
method described by Ulm and Miller [10] in 46 weanling
Sprague—Dawley rats three weeks old. The animals were anes-
thetized with methohexital (Brieta1', Eli Lilly & Co., Indianap-
olis, USA; 30 mg/kg body weight) intraabdominally. A longitu-
dinal abdominal incision was made and the ureter was dissected
free. The underlying psoas muscle was split longitudinally to
form an approximately 15 mm long groove. The ureter was
placed in the groove and the muscle edges were fitted together
with two Perma—hand' silk sutures (U.S.P. No. 6-0, Ethicon
comp., Nordenstedt, FRG). The ureter thus lay in a tunnel with
acute angles proximally and distally. The abdomen was then
closed with EthilonR sutures (U.S.P. No 5-0, Ethicon, Johnson
& Johnson, Sollentuna, Sweden). After the operation the ani-
mals were placed under an infrared lamp. They were not
returned to the cage until they were fully awake. Since the
interest was focused on kidneys with partial obstruction and the
contralateral kidneys, the experiments comprised both left— and
right—sided partial ureteral occlusion and these animals were
compared with sham—operated control animals in all experi-
ments. The left kidney was always used for the different
micropuncture procedures and interstitial pressure measure-
ments. Thus, to study the kidney contralateral to partial ob-
struction, the right kidney was obstructed. After three to six
weeks the effect of the partial ureteral obstruction were studied.
By this time the kidney had developed hydronephrosis, which
was graded as mild, moderate or severe. The rats were anes-
thetized with an intraperitoneal injection of thiobutobarbital
sodium (Inactin', Byk Gulden, Constance, FRG, 120 mg/kg
body wt). They were placed on a servoregulated heating pad in
order to maintain the body temperature at 37.5°C. After
tracheostomy a catheter was inserted into the right femoral
artery for blood pressure measurements and blood sampling.
Another catheter was inserted into the right femoral vein for
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infusion of the maintenance fluid (0.5 ml 0.9% NaCI/l00 g body
wt an hour). The left kidney was exposed through a subcostal
flank incision, dissected free and placed in a lucite cup and fixed
with a 3% agar—agar solution. The kidney surface was covered
with mineral oil to prevent it from drying.
To determine the pelvic volume, which was done after each
experiment, a ligature was placed around the ureter below the
renal pelvis and the vessels were ligated and cut. The kidney
was removed by blunt dissection and weighed. It was then cut
into slices along the longitudinal axis. In this manner the pelvis
was completely emptied. The kidney was then weighed again
and the pelvic volume was calculated by subtraction.
The measurements were made on kidneys with mild and
moderate hydronephrosis with a mean renal pelvic volume of
0.89 0.1 mug kidney wet weight. The following protocol was
used throughout the experiment: Control measurements were
started 30 minutes after the preparative procedure, while mea-
surements during 5% saline volume expansion were com-
menced 30 minutes after the volume expansion was begun.
Whole kidney clearances and interstitial pressure
measurements
In the first group of seven, left partially—obstructed kidneys
and six kidneys of sham—operated rats, the urine flow, glomer-
ular filtration rate (GFR), excretion of sodium and potassium,
hilar lymph protein concentration and subcapsular interstitial
pressure were determined. A hilar lymph vessel was cannulated
to collect lymph from the kidney while all other lymph vessels
leaving that kidney were tied off. In this way a steady lymph
flow was achieved. The lymph protein concentration was
measured by a microadapted method described by Lowry et al
[11]. To calculate the interstitial oncotic pressure (Hint) the
Landis—Pappenheimer equations for albumin and globulin [12]
with an albumin—globulin ratio of 1.8 was used. It has been
found that the protein concentration in collected hilar lymph is
close to that in lymph from the subcapsular interstitial space
[13].
The hydrostatic pressure (P) within the subcapsular space
of the interstitium was measured by a technique described
previously [14], in short, through a thin (outer diameter [O.D.J
20 to 40 pm) polyethylene catheter positioned in this space. The
catheter contained 1.0 M NaC1 and was connected to a servo-
nulling pressure device (WP Instruments, New haven, Connect-
icut, USA), with a catheter resistance of approximately 2 M ft
The interstitial hydrostatic pressure—measurements were con-
sidered accurate if the sealing of the capsule caused a prompt
rise in pressure. A further check of the measurements was a
high pressure measurement when the renal vein was occluded
after the experiments. The net interstitial pressure (P-flint)
was calculated by subtracting oncotic pressure from hydrostatic
pressure. Both ureters were cannulated at the level of the
bladder for urine collection. The urine volume was measured by
weight. Through the femoral vein an infusion of 51Cr EDTA in
isotonic saline at a rate of about 10 MCi/hr was started. After a
30-minute equilibration period collection periods of 30 minutes
were begun, and in the middle of each period a blood sample
was taken. After centrifugation, the protein contents of the
plasma samples were measured. Aliquots of urine and plasma
were analyzed in a multichannel gamma counter (ND 100,
Nuclear Data Inc., Schaumburg, Illinois, USA) and clearance
of 51Cr EDTA was calculated as a measure of GFR. The
concentrations of sodium and potassium were assayed with a
flame photometer (FLM 3, Radiometer, Copenhagen, Den-
mark).
Stop—flow pressure measurements
In the second series of experiments the TGF response was
characterized by means of the stop—flow technique in six
kidneys with partially occluded ureters and five kidneys con-
tralateral to kidneys with partial obstruction. They were com-
pared with five non-obstructed kidneys in sham—operated rats.
Proximal tubules were identified by injecting small volumes of
stained fluid (Lissamine green, 1 M NaC1) into randomly—
chosen surface tubular segments with a glass pipette (O.D. 3
pm) connected to a servo-nulling micropressure system (WP
Instruments, New Haven, Connecticut, USA), the free—flow
pressure (Pr) could then be determined. With a second pipette
(O.D. 7 to 9 sm) a solid wax block was placed in an early
segment of the proximal tubule [15]. The tubular fluid pressure
proximal to the block (the stop-flow pressure [Pf] was mea-
sured [16]. A third micropipette (O.D. 8 to 13 jtm) connected to
a microperfusion pump (Hampel, Frankfurt, FRG) was posi-
tioned in the last accessible segment of the proximal tubule. The
composition of the perfusion solution was: 140 mrvi NaCl, 4 mM
NaHCO3, 5 mi KC1, 2 mri CaC12, 1 mrvi MgCl2, 7 m urea and
2 g/liter lissamine green, pH 7.4. 'sf was measured while the
distal part of the nephron was being perfused at a flow rate
randomly varying from zero to 40 and 40 to zero ni/mm. The
flow was increased or decreased in steps of 2.5 to 5 nI/mm and
kept at each step for at least one to three minutes. The maximal
feedback response (Pf) was determined as the decrease in sf
at the 40 nI/mm perfusion rate compared with Psf at zero
perfusion. The tubular flow rate at which 50% of the maximal
pressure change was obtained, the turning point (TP), was
determined by observing the effects of small changes in perfu-
sion rate on nsf. TP was used as an estimation of the tubular
flow threshold for feedback activation.
For plotting the response curve a previously described nor-
malization method was used [17]: The normalized data were
fitted by means of a nonlinear least squares curve—fitting
program (Minuit, Cern) to equation
Psf
Psf = sf mm +
Where Psi' is the stop-flow pressure, P5 the average maximal
stop-flow pressure response and 1sf mm the average minimum
stop-flow pressure on increased distal delivery of fluid. TP is
the turning point, PR is the end—proximal perfusion rate and w
is the factor determining the width of the perfusion rate interval
during which the stop-flow pressure responded.
Proximal and distal SNGFR measurements
The TGF mechanism acts to reduce the GFR if the flow rate
to the macula densa region is too high.
To ascertain whether this mechanism is active or not, single
nephron GFR (SNGFR) can be determined with and without
the normal flow passing through this region. This is achieved by
measuring SNGFR first in the distal tubule and then in the
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Table 1. Whole kidney function
V
s1/min
[Nat]
mmol/liter
Nat' excr.
mol/min
[KJ
mmol/liter
K excr.
tmo1/min
GFR
mi/mm N
Hydropenia
Sham 1k 2.2 0.3 78 22 0.20 0.07 294 34 0.68 0,14 0.87 0.12 6
rk 2.2 0.3 59 18 0.14 0.06 242 39 0.55 0.11 1.03 0.16 6
Obstr 1k 0.8 0.4 71 17 0.12 0.05 155 44a 0.20 0.02a 7
rk 2.8 0.6 46 11 0.16 0.07 238 38 0.74 0.25 1.18 0.19 7
5% Volume expanded
Sham 1k 17.5 3.2 274 22 4.65 0.76 100 18 1.50 0.08 1.64 0.30 6
rk 23.4 5.7 294 24 6.31 0.92 72 15 1.33 0.04 1.40 0.12 6
Obstr 1k 5.9 2.Oa 70 ioa 0.52 0.20a 176 42 1.02 0.35 7
rk 34.6 93b 204 2lI 6.43 l.68a 101 26 2.14 0.I9 1.48 0.14 7
Values are given as mean SE. Abbreviations are: V, urine flow; GFR, glomerular filtration rate; 1k, left kidney; rk, right kidney; Sham,
sham—operated animals, Obstr, animals with a hydronephrotic left kidney.
a P < 0.05 compared with sham.
b P < 0.05 compared with left kidney.
proximal tubule of the same nephron. The difference between
these two values is a measure of the activity of the TGF
mechanism.
These experiments comprised eleven rats in which left—sided
partial ureteral obstruction had been produced, and six sham—
operated control animals.
The rats were given 3H-inulin intravenously as an initial bolus
of 40 Ci and then 70 to 80 1Ci/hr as a constant infusion to
maintain a steady concentration high enough to be measured in
tubular fluid samples. The plasma concentration of radioactive
inulin was allowed to stabilize for at least half an hour before
the micropuncture was started. Nephrons were identified in the
same way as described above for series two, with a pres-
sure—measuring pipette, and the P was measured. The first
visible distal tubule of the same nephron was then punctured
and sampling was begun after injecting a column of stained
mineral oil. The tips of the pipettes were 6 to 8 m (O.D.). After
the distal sampling a tubular sample was taken from the
last—accessible proximal tubule of the same nephron with a
capillary 8 to 12 m thick. The sampling time was three to five
minutes. The proximal tubular free—flow pressure was mea-
sured continuously and was not allowed to vary more than the
normal tubular pressure. It if did so, the sample was discarded.
Blood samples of about 50 d were drawn from the arterial
catheter every 45 minutes to determine the plasma inulin
concentration, The radioactivity was measured in a scintillation
counter (Beckman Industries, 2800, Beckman Industries Inc.,
Fullerton, California, USA). The tubule fluid concentration was
15 to 30 times the background, and more than 5000 cpm were
counted.
Statistics
The material was tested by two—way analysis of variance
(Anova). To test the differences between groups and between
periods, modified t statistics were used, t — X3/ VS2 (l/n
+ 1/nj), where S2 is the mean square within groups from the
analysis of variance and 5, + , n1 and nj are the mean and
sample size for variables i and j. To make more than one
comparison with the same variable, the Bonferroni method was
employed, which states a significant level of p/M, where M is the
number of comparisons to be made [18]. P < 0.05 was accepted
for significance. Values are given as mean s; N refers to
number of observations (nephrons).
Results
The urine flow rate was significantly lower in the partially
obstructed kidney than in the contralateral kidney (0.8 versus
2.8 p1/mm; Table 1). During hydropenia the urine sodium
concentration and excretion seemed to be unaffected by the
partial obstruction. The potassium excretion, however, was
significantly decreased in partially obstructed kidneys (0.20
pmol/liter compared to about 0.60 /Lmol/liter in sham—operated
and contralateral kidneys). This reduction was associated with
a significantly lower, urinary potassium concentration of 155
mmol!liter in association with partial ureteral obstruction (about
250 mmol/liter in sham—operated and contralateral kidneys).
GFR cannot be measured with the applied technique in animals
with partial ureteral occlusion, because of the large pelvic
volume in relation to the urine flow rate, which means that a
steady—state concentration of a tracer molecule such as inulin
cannot be assumed to occur [19].
During saline volume expansion there was a progressive
increase in urinary and electrolyte excretion. It is worthy
mentioning that during volume expansion, when the kidneys of
the sham—operated control animals excreted about 20 p1 of
urine per mm and kidney the partially obstructed kidney
excreted about 6 id/mm, and the contralateral kidney produced
some 35 p11mm. Thus, there was a large difference both in urine
volume and in the electrolyte excretion rate between the
obstructed and intact kidney.
The interstitial pressure measurements (Fig. 1) showed that
under hydropenic conditions was increased significantly by
partial obstruction (1.4 versus 0.6 mm Hg). The interstitial
oncotic pressures were not altered.
The difference in interstital hydrostatic pressure persisted
during volume expansion and as a result the net pressure
(P-Hint) was also significantly higher in the kidneys with
partial obstruction than in the sham-operated control kidneys.
Table 2 shows the results of the proximal tubule pressure
measurements. Under hydropenic conditions there was no
difference between the different groups. During saline volume
expansion the free—flow proximal tubular pressure was signifi-
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Hydropenia 5% Vol exp Hydropenia 5% Vol exp
Sham Partial obstruction
Fig. 1. Interstitial hydrostatic pressure (LI), Interstitial oncotic pres-
sure () and net interstitial pressure () in sham—operated and
hydronephrotic rat kidneys during hydropenia and volume expansion.
Values are given as mean SE. * P < 0.05 compared with sham,
hydropenia. P < 0.05 compared with partial obstruction, hydropenia.
P < 0.05 compared with sham, volume expansion.
cantly higher in the contralateral kidneys than in the partially
obstructed ones or in the kidneys of the sham—operated control
animals. Psf increased during volume expansion in the latter
kidneys from 37.4 to 44.0 mm Hg and in the contralateral
kidneys from 40.7 to 47.3 mm Hg, but did not increase in the
partially obstructed kidneys. As shown in Table 2 and Figures
2 and 3, during volume expansion there was a shift in TGF
sensitivity to a low level in the sham—operated animals, with a
high TP of 33.4 nllmin (hydropenia 20.0 nI/mm) and a low Psf
of 2.8 mm Hg (hydropenia 9.2 mm Hg). A similar pattern was
found in the kidneys contralateral to the partially obstructed
ones. In contrast, in the latter kidneys themselves the TGF
sensitivity increased considerably during volume expansion,
with a TP of 14.4 nl/min (hydropenia 23.6 nl/ml) and a of 9.7
mm Hg (hydropenia 8.4 mm Hg).
The results of the SNGFR measurements are given in Tables
3 and 4. In the partially occluded kidney, during hydropenia
(Table 3), TF/P inulin ratios of 1.8 and 8.2 were found in the
proximal and distal tubules, respectively, while the small dif-
ference in SNGFR (SNGFR) of about 3 to 4 nl/min was not
significant. After volume expansion the TF/P inulin ratio was
reduced to 1.4 in the proximal tubule and to 2.8 in the distal
tubule. The proximal—distal difference in SNGFR of 11.9 nl/min
was significantly higher than during hydropenia. The distal
SNGFR value of 35.3 nl/min was not different from the value of
31.6 ni/mm obtained during hydropenia. In sham—operated
animals (Table 4) TF/P inulin ratios of 1.7 and 4.2 were found in
the proximal and distal tubules, respectively, during
hydropenia. The TGF was activated, as indicated by a signifi-
cant ISNGFR of 5.7 nI/mm. The distally measured SNGFR
increased significant from 32.9 nI/mm under hydropenic condi-
tions to 38.6 nI/mm during volume expansion and SNGFR
decreased from 5.7 to 3.3 nllmin.
Discussion
The sensitivity of the tubuloglomerular feedback control can
become reset under different conditions. The first evidence of
such resetting was obtained in experiments with volume expan-
sion in which the maximal stop—flow pressure decreased and
proximal—distal, single—nephron GFR difference were found to
be reduced compared with those in controls [20, 21]. The effect
of volume expansion in the TGF mechanism was further
investigated by Selén, MUller—Suur and Persson [17], who
observed at stop—flow pressure measurements that the turning
point for feedback activation, that is, the tubular fluid flow—rate
at which half the maximal pressure response occurred, was
shifted to higher values. This has recently been verified by
Häberle and Davis [22] and in further studies in our laboratory
[23]. In the present study volume expansion resulted in a
reduction of the feedback sensitivity in the sham—operated
control animals and in the kidneys contralateral to those with
partial ureteral obstruction, as indicated both by a reduction in
the maximal stop-flow pressure response and by an increase in
the turning point. The cause of this resetting has been under
intensive investigation during recent years. From several lines
of evidence and different experimental situations, it has been
proposed that alterations in arterial blood pressure and extra-
cellular fluid volume change the feedback sensitivity and that
these changes are mediated by alterations in renal interstitial
pressure. The latter alterations could occur in the following
way. In a situation with low interstitial hydrostatic—pressure
and high interstitial oncotic—pressure in the renal interstitium,
as in dehydrated rats, the feedback sensitivity was found to
increase, whereas in association with high interstitial
hydrostatic—pressure and low interstitial oncotic—pressure, as in
saline volume expansion, the feedback sensitivity was reduced
[24]. It should be pointed out, however, that there are also other
factors that may reset TGF sensitivity. It has been proposed
that it may be altered by the renin—angiotensin system [25]. It
has also been found, possibly only under conditions of extreme
salt—loading, that a filtered tubular substance can reset the TGF
sensitivity [26, 27]. The nature of this factor has not yet been
determined. Other substances which play an important role in
changing TGF sensitivity are the prostaglandins and
thromboxanes. In our laboratory and others it has been found
that an intact prostaglandin system is necessary for resetting of
the TGF sensitivity [28—31]. Furthermore, when PGE2 and
PGF2. were added to the tubular perfusate an increased sensi-
tivity in the stop-flow pressure feedback mechanism was found,
and addition of PGI2 resulted in reduced sensitivity [30]. The
addition of the prostaglandins can thus override the influence of
the interstitial pressure [30].
The most striking and interesting finding in the present study
was an increased TGF sensitivity in the partially obstructed
kidneys during saline volume expansion. However, not only
was the TGF sensitivity high under this condition, but the TGF
system was also strongly activated to reduce the glomerular
filtration rate, as indicated by a large proximal—distal difference
in SNGFR. Thus, during volume expansion the hydronephrotic
kidney will try to keep GFR at a low level through activation of
the TGF mechanism.
At the interstitial pressure measurements in the present study
it was found that the interstitial hydrostatic pressure was
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Table 2. Free—flow and stop—flow pressure in proximal tubules
Sham Partial obstruction Contralateral to partial obstruction
hydropen. vol. exp, hydropen. vol. exp.hydropen. vol. exp.
Pt 1.2 0.4 15.2 0.2 12.9 0.4 14.6 0.3 13.6 0.4 18.6 17a,b,
mm HgP 37.4 1.6 44.0 06a,b 36.0 1.4 35.8 1.0 40.7 1.4 47.3 20a.b
mm Hg
9.2 0.4 2.8 0.6" 8.4 0.6 9.7 0.9 6.0 0.4 2.1
mm Hg
AP,f 25.0 1.7 6.6 13,b 23.5 1.7 27.3 2.8 15.0 1.2 4.7 l.8
%
TP 20.0 0.9 33.4 1.4°' 23.6 1.0 14.4 0.7 23.7 0.8 36.3 14a,b
ni/rn in
n/rn 5/9 5/7 6/7 6/10 5/9 5/7
Values are given as mean SE. Abbreviations are: P, tubular pressure; Psf, stop—flow pressure; TP, turning point; n/rn, animals/nephrons.
P < 0.05 compared with hydropenia
b P < 0.05 compared with partial obstruction, volume expansion
P <0.05 compared with sham, volume expansion
Table 3. Free—flow collection of tubular fluid in rats with
partial ureteral occlusion
10 20 30 40 50
Tubular perfusion rate, ni/mm
Hydropenia Volume expansion
Prox Dist Prox Dist
Vt 20.2 1.6 5.6 0.7 35.3 2.6a 13.0 11b
ni/mm
TF/P1 1.8 0.1 8.2 2.2 1.4 0.l 2.8 0.2"
SNGFR 35.1 2.0 31.6 2.2 47.2 2.4a.c 35.3 1.9
ni/mm
AR 14.9 1.3 26.0 2.3 11.9 1.5 22.2 1.3
ni/mm
FR 42.5 3,0 81.0 3.1 25.6 3.la 63.2 20b
%
n/rn 10/12 10/12 11/16 11/16
Values are given as mean SE. Abbreviations are: V,, tubular urine
flow rate; TF/P1, tubular fluid to plasma concentration ratio for inulin;
SNGFR, single nephron glomerular filtration rate; AR, absolute fluid
reabsorption; FR, fractiobal fluid reabsorption; nlm, animals/nephrons.
a P < 0.05 compared with proximal hydropenia
b P < 0.05 compared with distal hydropenia
P < 0.05 compared with distal during 5% volume expansion
mally. Obviously some other factor offsets the effect of inter-
stitial pressure on the TGF control. In earlier studies on animals
with partial ureter-al occlusion, Ichikawa and Brenner [7] found
evidence for an increased prostaglandin production. Further-
more, Morrison, Nishikawa and Needleman [32] observed that
an obstructed kidney can produce thromboxane A2, a potent
Contralateral vasoconstrictor, and Huland et al [331 found that imidazole, a
thromboxane A2 blocker, caused vasodilation in an obstructed
kidney. Interestingly enough we have found that pretreatment
of animals with one partially obstructed kidney with a throm-
boxane blocker prevents the increase in TGF sensitivity, so that
a normal decrease in sensitivity can occur during saline volume
expansion [34]. Earlier investigations have clearly indicated
that in the partially obstructed kidney the total kidney GFR
cannot easily be determined with accuracy by a conventional
clearance technique, owing to the long time required for equil-
ibration of the isotope in the large renal pelvis [191. For the
same reason the electrolyte concentration in the hydrone-
phrotic animal cannot be reliably determined, particularly not
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Fig. 2. Proximal tubular suip—flow pressure at different rates of tubu-
lar flow. The curves shown are the results of fitting of normalized data
ftom partially obstructed kidneys and contralateral kidneys both under
hydropenic conditions and during saline volume expansion.
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Fig. 3. The turning points in the individual animals of the different
series during hydropenia and saline volume expansion.
increased compared with that in sham—operated animals during
saline expansion of extracellular fluid. This led to a significantly
increased net interstitial pressure—the interstitial hydrostatic
pressure minus the interstitial oncotic pressure—in the partially
obstructed kidneys during volume expansion. From the results
of earlier studies it might have been expected that the TGF
sensitivity would be reduced even more markedly than nor-
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Table 4. Free—flow collections of tubular fluid in
sham-operated animals
Hydropenia Volume expansion
Prox Dist Prox Dist
Vt 23.8 1.5 8.2 0.6 33.3 1.P 16.5 2,4b
ni/mm
TF/P. 1.7 0.1 4.2 0.3 1.2 0.la 2.6 03b
SNGFR 38.6 1.8 32.9 1.8 41.9 1.5 38.6 l.7
ni/mm
AR 14.7 1.8 24.7 1.8 8.6 l.l 22.1 1.7
ni/mm
FR 37.4 3.6 74.4 2.3 20.3 2.2a 57.8 48b
%
n/rn 6/lI 6/11 6/7 6/7
Values are given as mean SE. Abbreviations are: Vt, tubular urine
flow rate, TF/P, tubular fluid to plasma concentration ratio for inulin;
SNGFR, single nephron glomerular filtration rate; AR, absolute fluid
reabsorption; FR, fractional fluid reabsorption; n/rn, animals/nephrons.
P < 0.05 compared with proximal hydropeniabP < 0.05 compared with distal hydropenia
P < 0.05 compared with proximal, volume expansion
after a change in function. The SNGFR measurements showed
a small but significant proximal—distal difference in the hydro-
penic sham—operated control animals. This finding is in line
with earlier reports [35]. During volume expansion in the
sham—operated control animals this SNGFR difference was
reduced as a result of an increase in the distally measured
SNGFR. Similar observations have been made by Schnermann
et al [35]. In contrast, in the animals with partial ureteral
obstruction a small, non-significant proximal—distal SNGFR
difference was found in the hydropenic situation, whereas this
difference was large and significant during volume expansion,
indicating strong activation of the feedback. If the distal
SNGFR in the superficial nephron reflects the total kidney GFR
on the partially obstructed side, there is a relative constancy in
GFR during volume expansion of the hydronephrotic animals,
since the distal SNGFR is constant. Both in the studies by
Ichikawa and Brenner [7] and Blantz, Konnen and Tucker [6]
made by direct glomerular capillary pressure measurements,
and in the study by Pettersson, Aperia and Elinder 136], who
used proximal tubular stop—flow pressure measurements, an
increase in glomerular capillary pressure was found in kidneys
with partial ureteral occlusion. However, in our study the
stop—flow pressure was not higher than in the sham—operated
control animals, a discrepancy which we cannot yet explain.
The validity of using stop—flow pressure as a measure of
glomerular capillary pressure has been verified in other condi-
tions in several recent studies [37—40]. Furthermore, we found
that the stop-flow pressure did not increase during volume
expansion in the animals with partial ureteral obstruction, as it
did both in the sham—operated controls and in the contralateral
kidneys in the former animals. This indicates that during
volume expansion the increase in the proximally measured
SNGFR in the partially obstructed kidneys was probably asso-
ciated with a parallel decrease in afferent and efferent vascular
resistance. Such a parallel change in afferent and efferent
vascular resistance has been found in hormonally blocked
animals [39]. An increase in the ultrafiltration coefficient, Kf,
could also theoretically explain the SNGFR increase, but this
explanation does not seem plausible, as earlier experiments
have shown that volume expansion if anything reduces K [41,
42].
In the present experiment a low urine flow rate was found in
the partially obstructed kidneys already in the hydropenic
situation, about 25% of the total urine flow rate. This excretory
difference was even more pronounced during volume expan-
sion, with only about 15% in the partially obstructed kidney, A
comparatively lower electrolyte—excretion during volume ex-
pansion has been observed by Aperia et al [43] in kidneys with
unilateral partial occlusion, as compared with the contralateral
kidney. To speculate, the observed increase in TGF sensitivity
and activity may represent an attempt by the body to maintain
the urine excretion rate at a low level in order to prevent an
excessive increase in pelvic pressure which might damage the
renal parenchyma.
In conclusion, the present experiments have shown that in
the partially obstructed kidney there is a strong increase in TGF
sensitivity during saline volume expansion, as indicated by a
reduced turning point. This enhancement of TGF sensitivity
leads to activation of the TGF mechanism to reduce the
glomerular filtration rate and to maintain this rate at a low level.
In this situation it seems as if the interstitial pressure mecha-
nism for resetting the feedback sensitivity is overruled by some
other factor, possibly the production of thromboxane A2. It
may be speculated that this phenomenon is a protective mech-
anism for prevention of excessively high intrapelvic pressure
which might damage the renal parenchyma.
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